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CHAPTER II 



Preliminary Classification: 
Proposed Class: 
Subclass: 

NOTE: "M applicants are requested to include a preliminary classification on newly filed patent 

applications. The prelMnary cJassiftcation, preferably class and subclass designations, should be 
identified in the upper right-hand comer of the letter of transmittal accompanying the application 
papers, for example 'Proposed Class 2, subclass 129/" M,P.EP,, § 601, 7th ed. 



TRANSMITTAL LETTER 
TO THE UNITED STATES ELECTED OFFICE (EO/US) 

(ENTRY INTO U.S. NATIONAL PHASE UNDER CHAPTER H) 



PCT/GB98/03797 ^ 22 December 1998 23 December 1997 



INTERNATIONAL APPUCATION NO. 


INTERNATIONAL FlUNG DATE 


PRIORfTY DATE CLAIMED 


Moulded Article 






TTTl£ OF INVENTION 






Peter R. CLARKE^/ 






APPUCANT(S) 



Box PCI 

Assistant Commissioner for Patents 
Washington D.C. 20231 

ATTENTION: EO/US 



CERTIFICATION UNDER 37 C.F.R. S 1-10* 

^Express Mail label number Is mantiatoty.) 
(Express Mail certification is optionaL) 

I hereby certify that this Transmittal Letter and the papers indicated as t>eing transmitted therewith is being 
deposited with the United States Postal Service on this date June 22. 2000 in an envelope as 

"Express Mail Post Office to Addressee" Mailing Label Number EL628636782US addressed to the: 

Assistant Commissioner for Patents. Washington. D.C. 20231. 

Judith Schick 

{type or pant namf^ of perMi rjnailing^papet) 

Signii^re of person nuitling paper 

WARNING: Certificate of maiiing (Rrst dass) or facsimi^pinsmission procedures of 37 C.F.R, § 1.8 cannot be 
used to obtain a date of mailing or transmission for this con^&spondence, 

^WARNING: Each paper or fee fifed by ''E)g>ress Mail" nwmt have the number of the "Express Mail' mailing label 
placed thereon prior to mailing. 37 CRR. § 1, 10(b). 

"Since the filing of correspondence under § 7, 70 without ttie Express Mail mailing label tlwreon 
is an oversigfit that can be avoided by the exercise of reasonat^te care, requests for waiver of this 
requirement will not be granted on petition. " Notice of Oct 24, 1996, 60 Fed. Reg. 56,439, at 56,442. 
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NOTE: To avoid abandonment of the application, Vie applicant shall furnish to the USFTO, not later than 20 
months from the priority date: (1) a copy of the international application, unless it has been previously 
communicated by the International Bureau or unless it was originaily filed in the USPTO; and (2) the 
basic national fee (see 37 CER. § 1A92(a)). The 30-month time limit may not be extended, 37 C.F.R, 
§ 1.495, 

WARNING: Where the items are those which can be submitted to complete the entry of the international 
application into the national phase are subsequent to 30 months from the priority date the 
application is still considered to be in the international state and if mailing procedures are utilized 
to obtain a date the express mail procedure of 37 CF.R, § 1. 10 must be used (since international 
application papers are not covered by an ordinary certiftcate of mailing— See 37 C.F.R. § 1.8. 
NOTE: Documents and fees must be cleariy identified as a submission to enter the national state under 35 
U.S.C. § 371 othenfi/ise the submission will be considered as being made under 35 U.S.C. § 111.37 
C.F.R. § 1.494(f). 

I Applicant herewith submits to the United States Elected Office (EO/US) the following 
items under 35 U.S.C. § 371: 

a. Kl This express request to immediately begin national examination procedures 

(35 U.S.C. § 371(f)). 

b. B The U.S. National Fee (35 U.S.C, § 371(c)(1)) and other fees (37 C.F.R. § 1.492) 

as indicated below: 
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CLAIMS 
FEE 



BASJC FEE** 



TOTAL 
CLAIMS 



SMALL 
ENTITY 



(1) FOR 



INDEPENDENT 
CLAIMS 



(2) NUMBER 
FILED 



37 



-20 = 



(3) NUMBER 
EXTRA 



17 



(4) RATE 



X $18.00 = 



X $78.00- 



MULTIPLE DEPENDENT CLAIM(S) {if applicable) 



+ $260.00 



□ U.S. PTO WAS INTERNATIONAL PRELIMINARY EXAMINATION 
AUTHORITY 

Where an International preliminary examination fee as set forth 
in § 1.482 has been paid on the international application to the 
U.S. PTO: 

□ and the international preliminary examination report 
states that the criteria of novelty, inventive step (non- 
obviousness) and industrial activity, as defined in POT 
Article 33(1} to (4) have been satisfied for all the 
claims presented in the application entering the 
national stage (37 C.F.R. § 1.492(a)(4)) $96.00 

□ and the above requirements are not met (37 C.F.R. 
§ 1.492(a)(1)) $670.00 

: U.S. PTO WAS NOT INTERNATIONAL PRELIMINARY 
EXAMINATION AUTHORITY 

Where no international preliminary examination fee as set forth 
in § 1.482 has been paid to the U.S. PTO, and payment of an 
international search fee as set forth in § 1.445(a)(2) to the U.S. 
PTO: 

□ has been paid (37 C.F.R. § 1.492(a)(2)) $' 690 

□ has not been paid (37 C.F.R. § 1.492(a)(3)) $970.00 

S where a search report on the international application 

has been prepared by the European Patent Office or 
the Japanese Patent Office (37 C.F.R. 
§ 1.492(a)(5)) « $840.00 



Total of above Calculations 



Reduction by 1/2 for filing by small entity, if applicable. Affidavit 
must be filed also, (note 37 C.F.R. § 1.9, 1.27, 1.28) 



Subtotal 



Total National Fee 



Fee for recording the enclosed assignment document $40.00 (37 
C.F.R. § 1.21(h)). (See Item 13 below). See attached "ASSIGNMENT 
COVER SHEET". 



TOTAL 



Total Fees enclosed 



(5) CALCULA- 
TIONS 



^ 306.00 



840.00 



1146.00 



1146.00 



40.00 



$ 1186.00 
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*See attached Preliminary Amendment Reducing the Number of Claims. 

i. 0 A check in the amount of $1186.00 to cover the above fees is enclosed. 

ii. □ Please charge Account No . in the amount of $ . 

A duplicate copy of this sheet is enclosed, 

EARNING: To avoid abandonment of the application the applicant shall furnish to the United States Patent 
and Trademark Office not later than the exp/ratfon of 30 months from the priority date: * * * (2J 
the basic national fee (see § 1.492(^). The 30-month time limit may not be extended. " 37 C.F.R. 
§ 1.495(b). 

WARNING: If the translation of the international application and/or the oath or declaration have not been 
submiUed by the applicant within thirty (30) months from the priority date, such requirements may 
be met within a time period set by the Office. 37 C.F.R. § 1.495(b)(2). The payment of the surcharge 
set forth in § 1.492(e) is required as a condition for accepting the oath or declaration later than 
thirty (30; months after the priority date. The payment of the processing fee set forth in § 1.492(f) 
is required for acceptance of an English translation later than thirty (30) months after the priority 
date. Failure to comply with these requiren^ents will result in abandonment of the application. The 
provisions of § 1.136 apply to the period which is set Notice of Jan. 3, 1993, 1147 O.G. 29 to 
40. 

3. B A copy of the Intemational application as filed (35 U.S.C. § 371(c)(2)): 

NOTE: Section 1.495 (b) was amended to require that the basic national fee and a copy of the intemational 
application must be filed with the Office by 30 months from the priority date to avoid abandonment. 
Ihe International Bureau nonrtaily provides the copy of the intemational application to the Office in 
acconJance with PCT Artide 20. At the same time, the International Bureau notiftes applicant of the 
communication to the Office. In accordance with POT Rule 47.1, that notice shall be accepted by all 
' designated offtces as conclusive evidence that the comrmjnication has duly taken place. Thus, if the 
applicant desires to enter the national stage, the applicant nonnally need only check to be sure the 
notice from the Intemational Bureau has been received and then pay the basic national fee by 30 mon^s 
from the priority date." Notice of Jan. 7, 1993, 1147 O.G. 29 to 40, at 35-36. See item 14c below. 

a. □ is transmitted herewith. 

b. □ is not required, as the application was filed with the United States 
Receiving Office. 

c. £] has been transmitted 

i. Q by the International Bureau. 

Date of mailing of the application (from fomi PCT/1B/308): 8 July .1999 

ii. □ by applicant on . 

Date 

4. a A translation of the Intemational application into the English language 

(35 U.S.C. § 371(c)(2)): 

a. □ is transmitted herewith. 

b. Q is not required as the application was filed in English. 

c. □ was previously transmitted by applicant on 

Date 

d. □ will follow. 
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5. S Amendments to the claims of the International application under PCT Article 19 

(35 U.S.C, § 371(g)(3)): 

NOTE: The Notice of January 7, 1993 points out that 37 C.ER. § 1, 495(a) was amended to clarify the existing 
and continuing practice that PCTArtide 19 amendments must be submitted by 30 months from the 
priority date and this deadline may not be extended. The Notice further advises that: "The failure to 
do so will not result in loss of the subject matter of the PCT Article 19 amendments. Applicant may 
submit that subject matter in a preliminary amendment filed under section 1,121. In many cases, filing 
an amendment under section 1.121 is preferable since grammatical or idiomatic errors may be 
corrected." 1147 O.G. 29-40, at 36. 

a. □ are transmitted herewith. 

b. □ have i:>een transmitted 

i. □ by the International Bureau. 

Date of mailing of the amendment (from form PCT/1 B/308): . 

ii. □ by applicant on (date) . 

Date 

c. 0 have not been transmitted as 

i. £1 applicant chose not to make amendments under PCT Article 19. 

Date of mailing of Search Report (from fomn PCT/lSA/210.): „5Jiily ^999 

ii. □ the time limit for the submission of amendments has not yet expired. 
The amendments or a statement that amendments have not been made 
will be transmitted before the expiration of the time limit under 
PCT Rule 46.1. 

6. H A translation of the amendments to the claims under PCT Article 19 

(38 U.S.C. § 371(c)(3)): 

a. □ is transmitted herewith. 

b. □ is not required as the amendments were made in the English language. 

c. E has not t>een transmitted for reasons indicated at point 5(c) above. 

7. 3 A copy of the intemational examination report (PCT/IPEA/409) 

Ci is transmitted herewith. 

□ is not required as the application was filed with the United States Receiv- 
ing Office. 

8. Q Annex(es) to the intemational preliminary examination report 

a. £] is/are transmitted herewith. 

b. □ is/are not required as the application was filed with the United States 
Receiving Office. 

9. [3 A translation of the annexes to the intemational preliminaiy examination report 

a. □ Is transmitted herewith. 

b. [3 is not required as the annexes are in the English language. 
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10, m An oath or declaration of the inventor (35 U.S.C. § 371(c)(4)) complying with 
35 U.S.C. § 115 

a. □ was previously submitted by applicant on . 

Date 

b. is submitted herewith, and such oath or declaration 

i. □ is attached to the application. 

ii. S identifies the application and any amendments under PCT Article 
19 that were transmitted as stated in points 3(b) or 3(c) and 5(b); and 
states that they were reviewed by the inventor as required by 

37 C.RR. § 1.70, 

iii. □ will follow. 

II, Other document(s) or information included: 
11- @ An international Search Report (PCT/ISA/210) or Declaration under 
PCT Article 17(2)(a): 

a. □ is transmitted herewith. 

b. a has been transmitted by the International Bureau- 
Date of mailing (from form PCT/lB/308): 5 July 1 999 

c. □ is not required, as the application was searched by the United States 
International Searching Authority. 

d- □ will be transmitted promptly upon request. 

e. □ has been submitted by applicant on 

Date 

12. ® An Infonnation Disclosure Statement under 37 C.F.R. §§ 1.97 and 1.98: 

a. □ is transmitted herewith. 

Also transmitted herewith is/are: 

□ Form PTO-1449 (PTO/SB/08A and 08B). 

□ Copies of citations listed. 

b- a will be transmitted within THREE MONTHS of the date of submission 
of requirements under 35 U.S.C. § 371(c). 

c. □ was previously submitted by applicant on 

Date 

13. S An assignment document is transmitted herewith for recording. 

A separate □ "COVER SHEET FOR ASSIGNMENT (DOCUMENT) ACCOMPA- 
NYING NEW PATENT APPLICATION" or 13 FORM PTO 1595 is also attached. 

CoralTech Limited 
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14. Q Additional documents: 

a. □ Copy of request {PCT/RO/101) 

b. H International Publication No W099/33636 

i. [3 Specification, claims and drawing 

ii. □ Front page only 

c. H Preliminary amendment (37 CF.R. § 1.121) 

d. □ Other 



15. 3 The above checked items are being transmitted 

a. before 30 months from any claimed priority date. 

b. □ after 30 months. 

16. □ Certain requirements under 35 U.S.C. § 371 were previously submitted by the 

applicant on , namely: 



AUTHORIZATION TO CHARGE ADDITIONAL FEES 

WARNING: Accurately count claims, especially multiple dependant daims. to avoid unexpected high charges 
if extra claims are authorized. 

NOTE: "A written request may be submitted in an application that is an authorization to treat any concurrent 
or future reply, requiring a petition for an extension of time under this paragraph for its timely submission, 
as incorporating a petition for extension of time for the appropriate length of time. An authorization to 
charge all required fees, fees under § 1.17, or all required extension of time fees will be treated as 
a constructive petition for an extension of time in any coricurrent or future reply requiring a petition 
for an extension of time under this paragraph for its timely submission. Submission of the fee set forth 
in § 1,1 7(a) will also be treated as a constructive petition for an extension of time in any concurrent 
reply requiring a petition for an extension of time under this paragraph for its timely submission^ 37 
CF.R. § 1.136(a)(3). 

NOTE: "Amounts of twenty-ffve dollars or less will not be returned unless specifically requested within a 
reasonable time, nor will the payer be notified of such amounts; amounts over twenty-ftve dollars may 
be returned by check or, if requested, by credit to a deposit account " 37 CF.R, § 1.26(a). 

a The Commissioner is hereby authorized to charge the following additional 
fees that may be required by this paper and during the entire pendency of 
this application to Account No — 23-0/iA2- 
0 37 CF.R. § 1.492(a)(1). (2), (3), and (4) (filing fees) 
WARNING: Because failure to pay the national fee within 30 months without extension (37 CF.R. § 1.495(b)(2)) 
results in abandonment of the application, it would be best to always check the above box. 
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SI 37 C.F.R. § 1.492(b). (c) and (d) (presentation of extra claims) 

NOTE: Because additional fees for excess or muWph dependent daims not paid on filing or on later presentation 
must only be paid or these daims canceled by amendment prior to the expiration of the time penod 
set for response by the PTO in any notice of fee defidency (37 C.F,R, § 1.492(d)), it might t>e best 
not to authorize the FTO to charge additional daim fees, except possible when dealing with amendments 
after ftnal action. 

□ 37 C.F.R. § 1.17 (application processing fees) 

□ 37 C.F.R. § 1.17(a)(1)-(5) (extension fees pursuant to § 1.136(a). 

□ 37 C.F.R. § 1.18 (issue fee at or before mailing of Notice of Allowance, 
pursuant to 37 C.F.R. § 1.311(b)) 

NOTE: Where an authorization to charge the issue fee to a deposit account tms t>een fiied before the mailing 
of a Notice of Allowance, the issue fee will t>e automatically charged to the deposit account at the time 
of mailing the notice of allowance. 37 C.F.R. § 1.311fi)). 

NOTE: 37 C.F.R. § 1.28(b) requires "Notiffcation of any change in loss of entitlement to small entity status must 
6e filed in the application . . , prior to paying, orattfie time of paying . . . issue fee." From the wording 
of 37 C.F.R. § 1.28(b): (a) notification of change of status must be made even if the fee is paid as "other 
than a small entity^ and (b) no notification is required if the change is to another small entity. 

□ 37 C.F.R. § 1.492(e) and (f) (surcharge fees for filing the declaration 
and/or filing an English translation of an International Application later 
than 30 months after the priority date). 



Reg. No.: 27,550 




Tel. No.: ( 203 ) 261-1 234 {tyf>e or print name of practitioner) 

WARE, FRESSOLA, VAN DER SLUYS & ADOLPHSON LLP 

Main Street > Building F jy^ 

Customer No.: 004955 P.O. Address 

Box 224 

Monroe, CT 06468 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Group Art Unit 
Examiner: 



In the matter of: Clarke 
Serial No: 
Filed: Herewith 

International Application: PCT/GB98/03797 
International Filing Date: 22 December 1998 
For: Moulded Article 

ASSISTANT COMMISSIONER OF PATENTS 
WASHINGTON, D.C. 20231 

PRELIMINARY AMENDMENT 

Sir: 

Please preliminarily amend the above-referenced U.S. application as follows: 
In the Specification: 

Please remove all headers. 

On page 1, prior to line 3, please insert a new heading as follows: 

— Technical Field — . 
On page 1, prior to line 6, please insert a new heading as follows: 

- Background of the Invention - . 
On page 2, prior to line 4, please insert a new heading as follows: 

— Summary of the Invention — . 
On page 8, prior to line 17, please insert a new heading as follows: 
- Brief Description of the Drawings - . 
Express Mail No. E1628636782US 
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On page 9, prior to line 20, please insert a new heading as follows: 
- Best Mode for Carrying Out the Invention - . 

In the Claims: 



Please Remove all headers. 

1 1. (Amended) A method of forming a plastics material article, [consisting in] 

2 comprising the steps of: 

3f:i . forming an injection moulded preform between a pair of 

4;^; complementary mould parts, which define an initial mould cavity for 

5B hyection of the preform, 

6i:] . separating the one of the complementary mould parts (hereinafter "the 

tt Substitutable Mould Part") from the preform, 

^ . replacing the Substitutable Mould Part with one or more replacement 

gjfJ mould parts (hereinafter "the Replacement Mould Parts(s)") to enlarge 

lOiJ^J the mould cavity so as to allow stretching of the preform, 

11^3 . stretching at least part of the preform away from the other of the 

12^^ complementary mould parts (hereinafter "the Base Mould Part") for the 

13 forming of it to a finished article shape against the Replacement Mould 

14 Part and 

15 . removing the Replacement Mould Parts(s) for release of the finish 

16 formed article. 

1 3. (Amended) A forming method as claimed in [claim 1 or] claim 2, including 

2 injection of gas between it and the Base Mould Part to separate at least part of the preform 

3 from the Base Mould Part. 



2 
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1 4. (Amended) A forming method as claimed in [any preceding] claim 3, wherein 

2 the stretching of the preform is effected by injection of gas between it and the Base Mould 

3 Part. 

1 5. (Amended) A forming method as claimed in [any preceding] claim 4, wherein 

2 the stretching of the preform is effected by lifting a portion of the preform from at least part 

3 of a main piece of the Base Mould Part by a movable piece of the Base Mould Part. 

1 9. (Amended) A forming method as claimed in [any one of claims 5 to] claim 8 

2^ [as appendant to claim 4], wherein the injection of gas is started before the movable piece of 

3 In the Base Mould Part is moved. 

ijij 10. (Amended) A forming method as claimed in [any one of claims 5 to] claim 8 

M [as appendant to claim 4 or in claim 9], wherein the injection of gas is started before the 

3[3 replacement with the Replacement Mould Part(s) is complete. 

ifU 11. (Amended) A forming method as claimed in [any preceding] claim 10, 

^3 wherein the preform is attached to a main piece of the Base Mould Part by virtue of this 

3 piece being polished, at least locally. 

1 12. (Amended) A forming method as claimed in [any preceding] claim H, 

2 wherein the preform is stretched from a portion of it temporarily captivated by the 

3 Replacement Mould Parts(s). 

1 13. (Amended) A forming method as claimed in [any preceding] claim 12, 

2 wherein the preform is stretched to substantially the final shape of the finish formed article. 
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1 14. (Amended) A forming method as claimed in [any preceding] claim 13, 

2 wherein a stretched portion of the preform is urged into contact with the Replacement Mould 

3 Part(s) for its final temperature control by application of increased gas pressure on the Base 

4 Mould Part side of the preform (which may be from gas applied for lifting and/or stretching 

5 of the preform) and/or by application of reduced gas pressure on the Replacement Mould 

6 Part(s) side of the preform. 

1 15. (Amended) A forming method as claimed m [any preceding] clarni 14, 

2_ wherein the enlarged mould cavity is defined by a plurality of Replacement Mould Parts. 

iJL! 18. (Amended) A forming method as claimed in [claim 15, claim 16 or] claim 17, 

2fU wherein the plurality of Replacement Mould Parts are provided with ducts for temperature 

3rii control fluid and the article is brought to the temperature requured for it to be sufficiently 

4^^"^ rigid for its removal by passage of temperature control fluid through the ducts after 

50^ stretching and prior to opening of the Replacement Mould Parts. 

s'H ii 

]^ 19. (Amended) A forming method as claimed in [anyone of claims 1 to] claim 14, 

2C=' wherein the enlarged mould cavity is defined by a single, or one per impression where the 

3 tool has multiple mipressions. Replacement Mould Part moved bodily into its replacement 

4 position. 

1 22. (Amended) A forming method as claimed in [any one of the preceding claims] 

2 claim 21 . wherein the stretched portion of the preform is stretched by between a factor of 

3 2:1 and 4:1. 

1 25. (Amended) A mould tool as claimed in [claim 23 or] claim 24, wherein the or 

2 each Replacement Mould Part has temperature control fluid ducts. 
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1 26. (Amended) A mould tool as claimed in [claim 23, claim 24 or] claim 25, 

2 wherein the Base Mould Part has a movable piece, for lifting a portion of the preform from 

3 the Base Mould Part, the movable piece being adapted to seal with a main piece of the Base 

4 Mould Part on injection of plastics material. 

1 29. (Amended) A mould tool as claimed in [claim 26, claim 27 or] claim 28, 

2 including a pressure gas connection internally of the said mam piece and the liftable piece of 

3 the Base Mould Part, whereby pressure gas can be introduced on the Base Mould Part side 

4 of the preform on lifting of the liftable piece via an aperture in the said main piece normally 
5.^5 closed by the liftable piece. 

ifu 30. (Amended) A mould tool as claimed in [any one of claims 23 to] claim 29, 

wherein a phirality of Replacement Mould Parts are translationally mounted on the Base 

3iy Mould Part for movement to form the enlarged cavity and means is provided for moving the 

4£3 Replacement Mould Parts between their withdrawn position and their advanced position, 

ifU 31. (Amended) A mould tool as claimed hi claim [23 to] 29, wherein a plurality 

^3 of Replacement Mould Parts are pivotally mounted on the Base Mould Part for movement to 

3 form the enlarged cavity and means is provided for moving the Replacement Mould Parts 

4 between their withdrawn position and their advanced position. 

1 33. (Amended) A mould tool as claimed in [any one of claims 23 to] claim 29, 

2 wherein a single, or one per unpression where the tool has multiple impressions, 

3 Replacement Mould Part is translationally mounted on the Substitutable Mould Part or on the 

4 Base Mould Part for bodily movement to provide the enlarged cavity. 

1 35. (Amended) A mould tool as claimed in [claim 33 or] claim 34, including: 
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2 . a first slide and actuator carried on the Substitutable Mould Part or on 

3 the Base Mould Part, the slide extending at least substantially radially 

4 of a centreline of the mould tool 

5 . a Replacement Mould Part carrier slidably mounted on the slide under 

6 control of the actuator and 

7 . a second slide and actuator carried on the carrier and extending at least 

8 substantially parallel to the centreline of the mould tool, the 

9 Replacement Mould Part being mounted on the second slide under 
10 control of the second actuator. 

Ufl 37. (Amended) A finish formed article made in accordance with the method of 

2fy [anyone of claims 1 to 22] claim L 

Remarks 

hi This preliminary amendment is filed for the purpose of placing the application into 



standard U.S. format. Consideration and allowance of the claims is earnestly solicited. 



Respectfully submitted, 




Bradford Green, Building Five 
755 Main Street, PO Box 224 
Monroe, CT 06468 
(203) 261-1234 

AAF/aks 
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TtmRMQFORWING fpk BLOW MOULDING OF INJEOT IW MOULDED PREFORMS 



The present invention relates to a method of forming an article via injecrion of 
plastics material into a mould. 

5 

Various methods of forming thermoplastics materials into articles are known: 

1. Injection moulding invulves injection of the material into a mould, 
which is filled. The material solidifies in the mould and takes up its shape. The 
general rule is that the wall thickness of the article, that is the gap between opposite 

10 parts of the mould should be uniform. There is a practical limitation on the wall 
thicknf^s.«i. in that it \% rttfficult to mould walls thinner than the order of 0,3mm, With 
thinner wall thickness, the mould becomes very difficult to fill completely and 
reliably. This is because a lon^ thin passage fui the material exists from the injection 
port into the mould to the opposite end of the article. The so called flow length; 

IS thickness ratio is too high. The result is that injection moulding is impractical and/or 
uneconomic for cenain classes of prortucr.. such as vending machine cups. 

2. Injection/blow moulding is a process whereby the wall thickness of an 
arxicie initially formed by injection is reduced by blowing; the article to a large 
diameter - or other cross-sectional dimension, In an injection/blow moulding 

20 process, the initially formed article the preform is indexed from the original cavity 
to another cavity into whose shape it is to be blown. The process of indexing, coupled 
with adequate cooling of the preform before opening of the initial cavity away from 
the core results in the preform being likely to be loo cool for blowing immediately on 
inUoducliun inlu ihe second cavity. Further, cooling uf ihc preform gives it stability 

25 for the indexing. After indexing, a delay is necessary before blowing with gaa 
pressure at the core side, to allow for heat soak from the core to warm the preform 
again to a plastic state, Consequently^ injection/blow moulding is a relatively slow 
process, but nevertheless widely used for bottle production. 

3. An alternative, especially for wide mouth containers is for the material 
30 to be thermoformed. In this process, an extruded sheet is peripherally gripped and 

blown Into a cavity. The process stretches the material and a wall thickness less than 
that practical with injection moulding can be achieved. Usually the result is an 
uneven wail thickness, with a thicker wall in a base of the anicle and a thinner wail in 
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its Kides. Further there is liable lo be wastage at the periphery and in gaps between 
successive anicles formed from the extrusion. 

The object of the present invention is to provide an improved method 
5 of fonning a plastics article. 

According to a first aspect of the invention there is provided a methud of 
forming a plastics material article, cunsisiting in the steps of: 

• forming an injection moulded prefon:! between a pair of complementary mould 
10 parts, which define an initial mould cavity for injection of the preform. 

• separating the one of the complementary mould pans (hereinafter "'the 
Substitutable Mould Part") from the preform, 

• replacing the Substitutable Mould Part with one or more replacement mould parts 
(hereinafter "the Replacement Mould Part(s)'') to enlarge the mould cavity SO as 10 

•15 allow stretching of the preform. 

• stretchins at least pan of the preform away from the other of the conipkinentary 
mould parts (hcrcin<ifter "the Base Mould Part'*) for the forming of it to a finished 
article shape against the Replacement Mould Part and 

• removing the Replacement Mould Part(s) for release of the finish formed article. 

20 

Normally, the Base Mould Part will he a core part and the Substitutable Mould 
Part will be a cavity pan. However, it can be envisaged that these two pans could be 
two identical pans to which the core and cavity terminology would not be appropriate. 

25 The method of the invention differs from the conventional injection/blow 

moulding process in that the mould parts are not indexed as such. In an indexing 
mnuld tool. The preform i.q withdrawn from the initial cavity and moved to the second 
cavity, whilst simultaneously another core pan is introduced into the first cavity pan, 
Injection and blowing occurs simultaneously at the two cavities. Whilst this may 

30 seem to have advantage in producing a finished article for each indexing step, the 
cycle time is determined by the time required for cooling the preform, indexing and 
reheating the plastics material to plastic state after cooling for indexing. In the 
method of the mvemion, the first cavity mould pan will normally he separated eariy. 
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the second cavity assembled without delay and the preform stretched quickly. It is 
anticipated that the cycle time will be of the order of 2.5 seconds, in compari.son to a 
typical 5.0 seconds cycle for conventional injection blow moulding. 

S As explained in more detail below, the Replacement Mould Paii(s) may be a 

plurality of individual parts assembled to form Ihc enlarged cavity or a single 
Replacement Mould Part for the or each enlarged cavity, the part being moved bodily 
into position. It is anticipated that the former arrangement will be faster in terms of 
bringing the second cavity around the preform, but the overall cycle time with the 

10 latter arrangement is likely to be quicker, especially where final cooling and/or 

temperature stabilisation for crystallisation occurs in the enlarged cavity aflei icinoval 
of this from the core. 

Whilst the degree of stretching may be greater or less, the stretched portion of 
15 the preform will normally be stretched by between a factor of 2:1 and 4:1. 

A significant advantage of The invention is that it results in controlled bi-axial 
oriemaiion of the article or ai least its blown portion, The stretching involves axial 
strain and orients molecules of the plastics material in the direction of stretching. The 
20 blowing, involving as it does radial expansion hence circumferential strain, strains the 
material orthogonally to the axial strain. Hence the bi-axial orientation. 

In the method of the invention, the preform is unlikely to move transversely of 
the machine, althou,i;h due to tlie construction of the tool, it is likely to move axially, 

25 particularly where injection has been via an injection gate in the Subetitutable Mould 
Part and where the mould tool is a multi-impression stack tool. The preform remains 
in contact with the Base Mould Part at a temperature suitable for plastic extension 
until after separation Further, because there is axial movement only of the preform, 
the Substitutable Mould Pan can be removed early, as soon as the plastics material 

50 has been cooled, preferably mostly by this part, to a sufficient extent to hold its shape. 
The material skins against the Substitutable Mould Part at least prior to withdrawal of 
the latter. However, the material is unlikely to be solid throughout its thickness 
(which, it should be remembered is about to he reduced) with the central region of the 
wall remaining hotter and more flexible. Thus heat soak is able to occur into the skin 
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rendering the entire wall sufficiently flexible to stretch into the Replacement Mould 
Part. 

Nonnally ihe method will include injection of gas between it and the Base 
5 Mould Pail to separate at least part of the preform from the Base Mould Part. The 
stretching of the preform^ or at least part of it, can aUo be effected by injection of gas 
between the preform and the Base Mould Part, 

Preferably, the stretching of the preform is effected by liflin,^ a puuion of the 
preform from at least pari uf a innin piece of the Base Mould Part by a movable piece 
uf ihe Base Mould Part. Normally the lifted portion of the preform will be moved by 
the movable piece of the Base Mould Part as far as a corresponding piece of the 
Replacement Mould Part(s); and the lifted portion of the preform will be captivated 
between the movable piece of the Base Mould Part and the corresponding piece of the 
Replacement Mould Part(s) at the end of the stroke of the movable piece. This has ttic 
advantage of enabling moulded features to be reproduced in the base - or equivalent 
part - of the article. For instance, the base may be formed in such a manner Z£ to 
ensure that it stands stably without the centre being depressed. The captivation of the 
lifted portion of the preform can temporarily seal apertures in the lifted portion. This 
can have particular advantage in the case of plant pots, whereby drainage apertures 
can be moulded in (obviously the preform could not be blown wilhuui some means of 
obturating the drainage apertures). 

The injection of gas can be started before the movable piece of the Base 
25 Mould Part is moved. Again, the mjection of gas can be starred before the 

replacement with the Replacement Mould Part(s) is complete. Whilst the preform can 
be attached to a main piece of the Base Mould Pan by vlnueof this piece bcin^ 
polished, at least locally; the preform will normally be is stretched from a portion of it 
temporarily captivated by the Replacement Mould pQrtCs), with the stretching being to 
30 substantially the final shape of the finish formed article. 

In some embodiments, the stretched ponion of the preform will be urged into 
contact with the Replacement Mould Pan(s) for iii* final temperature cuntroK lo bring 
the article to sufficient rigidity for removal by application of increased gas pressure 



19-JUN-2000 17' FROM NIGEL EROa^S CPP 



TO UPRE FRESSOLfi 



P.10./53 



WO 99/33636 * ^ PCT/GB9g/03797 

on the Base Mould Part side of the preform {which may be from gas applied for lifting 
and/or stretching of the preform). In other embodiments, an alternative of reduced 
gas pressure on the Replacement Mould Part(B) side of the preform will be used I he 
final temperature control will normally be cnnling, hut in the case of CPET maieriaL 
5 it will be holding nf the article at elevated temperature for crystallisation to occur. 

In one aliernaii ve of a particular feature of the invention, the enlarged mould 
cavity is defined by a plurality of Replacement Mould Parts. In this alternative, the 
enlarged mould cavity can be assembled by radial movement of the Replacement 
10 Mould Parts into their replacement position: or it c^an he assembled by pivotal 

movemeni nf the Replacement Mould Parts. Alternatively, the enlarged mould cavity 
can be defined by a single, or one per impression where the Lyol lias multiple 
iinpiessions, Replacement Mould Part moved bodily into its replacement position. 

15 The Replacement Mould Part{s) will normally be provided with ducts for 

temperature control tluid and the article is brought to the temperature required for it to 
be sufficlenily rigid for its removal by passage of temperature control fluid through 
the ducts after strelchiriM and prior to opening of the Replacement Mould Part(s). 

20 The entire sidewall(s) may be stretched. Alternatively part, typically including 

a stacking feature, may be moulderl to final shapft in the preform and captivated in the 
Replacement Mould Part(s) before srreiching, so as to avoid this pan being stretched. 
Again, ii can be envisaged thai the stretching by the movable piece of the cure part 
may be completed before final positioning of the Replacement Mould Part(sX which 

25 arc shaped to delimit a rim of the sidewall which can be blown as in the basic 
invention - to larger diameter, enabling production of an overhang for instance for 
stacking. 

The plastics material used in the invention may include blowinj^ a^^ciit, 
30 whereby the sidcwall(s) and possibly the base are allowed to expand by foaming. The 
resultant base and sidewalks) will be stifFcr, in comprising two interconnected skins^ 
than if they were of the same amount of material provided as a thinner solid wall. Use 
of blowing agent enables a rim of the article anri/nr a rifi.nfi.«;ring feature to be 
expanded by foaming. 
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According to another aspect of the invention, there is provided a tool for 
forming a plastics material article in accordance with the first aspect of the invention, 
the tool comprising: 
5 • a Base Mould Pan, preferably a core part 

• a Substitutable Mould Part, preferably a first cavity part, 

• the Base and Substitutable Mould Parts defining an initial mould cavity between 
them for injection moulding of the preform and being axial ly movable for 
separation nf the Substitutable Mould Part from the preform. 

10 •one or more Replacement Mould Pans movably carried by the Base Mould Part or 
the Substitutable Mould Part, for movement from a withdrawn position to an 
advanced position in which it or they provide an enlarged mould cavity defining 
the outside shape of the finish formed article. 

15 Preferably thft tool includes a movable rim forming member, which is slidably 

mounted on the Base Mould Pan for movement, from a rest position in which the 
Substitutable Mould Pai t abuts it for mouldhig of a rim of the article and in which the 
Replacement Mould Part(s) abut it for captivation of the rim on stretching of the 
preform* to an advanced position for ejecting the finish formed article. 

20 

Funher. the Base Mould Pan preferably has a movable piece, for lifting a 
portion of the preform from the Base Mould Pan. the movable piece being adapted tu 
sea! with a main piece of the Base Mould Pan on injection of plastics material. 
Normally, the movable piece will have a face shaped complementarily with both the 
2S opposite face of the Sub$titutable Mould Part and the Replacement Mould Part(s), 
whereby the hftable portion of the pretbrm is moulded to tinal shape in the initial 
mould cavity. The mould pans can be shaped lo form one or more apenures in the 
liftable portion. 

30 Also, the mould tool preferably includes a pressure gas connection internally 

of the said main piece and the liftablo piece of the Base MouJd Part, whereby pressure 
gas can he intrnriuned on The Base Mould Part sirle of the preform nn lifting of the 
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liftable piece via an apenure in the said main piece normally closed by the liftable 
piece 

As iiiditatcd above, a plurality of Replacement Mould Parts con be 
3 translationally or pivotally mounted on the Base Mould Part for movemem to form 
the enlarged cavity, with means being provided for moving the Replacement Mould 
Parts between their withdrawn position and their advanced position. 



In the case of pivotal mourning of the Replacement Mould Pans, the means 
10 for movinj^ ihc Replacement Mould Parts can include a slidablc member mounted on 
the Base Mould Part and respective connecting rods connecting the Blidable member 
and the Replacement Mould Parts, the slidable member and the rods being arranged 
for advance and withdrawal of the Replacement Mould Parts between a withdrawn 
posirinn in which the Subsiitutable Mould Part can close on the Base Mould Part and 
ii> an advanced position in which the Replacement Mould Parts can close on the Base 
Mould Part, 

In the case wherein a single, or one per impression where the tool has multiple 
imprecision?;, Replacement Mould Part \% translationally mounted on the Subsiimtable 
20 Mouid Pan or on the Base Mould Pan for bodily movemem to provide the enlarged 
cttvity, tlie mould tool includes: 

• a first slide and actuator canried on the Substitutable Mould Part or on the Base 
Mould Part, the slide extending at least substantially radially of a centreline of the 
mouid tool, 

25 • a Replacement Mould Part carrier slidably mounted on the slide under control of 
the actuator and 

• a second slide and actuator carried on the carrier and extending at least 
substantially parallel to the centreline of the mould tool, ihe Replacement Mould 
Part being mounted on the second slide under control of the second actuator. 

30 Further, the mould tool preferably includes a vacuum duct in the Replacement Mould 
Part extending from an externa] vacuum connection point to at least one internal 
vacuum pomt opening into the enlarged cavity, whereby the finish tbrmed article can 
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be held in the enlarged cavity on withdrawal of ihe Replacement Mould Pajl from the 
Base Mould Part. 

This mould tool is preferably provided, in combination with a control system 
5 adapted and arranged for: 

• actuation of the first actuator for inwards radial movement of the carrier and 

Replacement Mould Part after opening of the Substitutable Mould Part to align the 
Replacement Mould Part with the Base Mould Part and outwards after stretching 
of the preform 

10 • reciprncati ng actuation of the second actuator for axial mo vcmciiL of the 

Replacement Mould Part into abutment with ilie Base Mould Part for stretching of 
the preform and out of abutment after stretching of the preform. 

According to a third aspect of the invention there is provided a fmish formed 
IS article made in accordance with the method of the first aspect of the invention. 

To help understanding of the invention, specific embodiments thereof will 
now be described by way of example and with reference to the accompanying 
drawings, in which: 

20 Figure 1 is a cross-sectional side view of a mould too! in accordance with the 

invention, with a primary cavity closed by a subsiimtable cavity pan; 

Figure 2 is a similar view of the mould tool of Fi^uic 1 with a secondary 
cavity closed; 

Figure 3 is an end view, from the right in Figure 2, of replacement petals 
IS closed to form the secondary cavity; 

Figure 4 is a cross^sectionai side view of a preform from the mould tool of 
Figure I; 

Figure 5 is a similar view of the finish formed article foi ui the mould tool of 
Figure I; 

30 Figure 6 is a diagrammatic view of a second mould tool of the invention with 

its primary cavity closed and a preform injected: 

Figure 7 is a similar view nf the second mniild tool with the preform stretched 
by a movable portion of the core: 
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Figure 8 is a similar view of the tool with the preform blown to finish formed 

shape; 

Figure Q is a cross-sectional side view, similar lo Tiaui c h of a third mould 
Tool for the invention, with its primary cavity closed; 
5 Figure 10 is a :?imilai view with the substitutablc cavity part of its primary 

C'dvity withdrawn, an assembly of replacement petals in their closed position 
providing a secondary cavity and a movable portion of the core advanced to str^ch 
the preform; 

Figure 1 1 is a similar view of the preform as injected; 
10 Figure 12 is a similar view of the finish fofnied article. It should be noted that 

the wall thicknesses shown in Figures 11 and 12 are exaggerated for clarity; 

Figure 13 is a view similar to Figure 6 of an alternative arrangement for 
mounting petals in a tool such as that of Figure 9; 

Figure 14 is a another diagrammatic view of a mould tool according to the 
15 invention, thif5 tooling having a bodily movable second caviiy mould part and bring 
shown with its primary cavity closed; and 

Figure 15 is a similar view with the mould tool of Figure 14 with its second 
caviiy closed. 

2^ Referring to Figures \ to 5 of the drawings, the first mould tool comprises a 

subsriiutable, primary cavity pan 1, a core part 2, a icplacement, secondary cavity 
petals 3 and an actuation ring 4. The primary cavity part 1 is attached to the fixed 
platen (not shown) of a moulding machine in use and incorporates an injection gate 
II, temperature control passages 12 and an ejection poppet valve 13. 

25 

The core part 2 is attached to the moving platen (nor shown), has len^perature 
control passages 21, a blowing air valve 22 with its own temperature control passages 
23 and four pivot points 24 for the secondary cavity petals 3, of which there are four, 

30 The petals 3 have their own temperature control passages 3 1 . They are 

generally L shaped and pivotally connected to the core at the elbow 32 of the L, 

which is rather more open than a conventional L. The feei 33 of the L include an 
"opening" surface 34, whilst the limbs of Lhc L coiripi ise a "closure" surface 35 on 
one side and a cavity surface 36 on the other side. They also comprise abutment 
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surfaces 37 which mutually abut when the petals are closed to form the secondary 
cavity. Air bleeds 38 are provided. 

The ring 4 carries four roller supports 41 having rollers 42 for co-operating 
5 with the opening and closure surfaces 34,35 and buffers 43,44. The ring is siidably 
supported on four bars 45. 

In use, the ring 4 is withdrawn by a hydraulic ejection actuator (not shown) in 
the direction away from the primary cavity pari 1 and the core part 2 is advanced into 

10 contact with the primary cavity part, as shown in Figure 1. Closure of the mould 

defines a mould cavity having the shape of the preform 5 shape, which is for a cup. It 
has a wall thickness 5 1 of 0,3mm except at the rim 52, which is thicker tor foaming 
expansion Within 0.2 sec. of the end of the injection of plastics material through the 
gate 1 1 to fill the mould gap between the core and the primary cavity parts, with a 

15 skin just formed a>?ainst llie cavity part, the core pan 2 is withdrawn to the left in 

Figure i, with application of air pressure to the poppet valve 13, whereby the moulded 
preform is withdrawn with the primary cavity, which is to be substituted around the 
preform by the replacement petals 1? 

20 As soon as the cure pari h wiihUrawn ^ufllciently for mechanical clcaiance, 

the ring 4 is advanced. The rollers 42 leave the opening surfaces 34 and the forward 
buffers 43 knock the petals forward. The rollers then engage the closure surfaces 35 
as the petals 3 swing closed about the pivots 24, The surfaces 35 have parallel ends 
I , whereby when limit surfaces AS,'i9 on the roller supports and the petals engage, 

25 the petals are firmly held closed, see Figure 2, This position is reached within 0.3 sec. 
of core withdrawal, whereupon -suitably nilroycn aL 40 bar - is blown thiough llic 
valve 22 and the preform is expanded into the secondary cavity, to take up the shape 6 
of the finished product. It should be noted that the petals have a groove 361 for 
allowing the rim 52 to expand. The typical wall thickness of the finished product is 

:?0 0.2mm. 



Immediately after blowing, the ring 4 is withdrawn, the rei£i buffers 44 knock 
the petals open and product falls from the tool. The latter can now close again for the 
next cycle. The total cycle time is expected to be 2 Vz seconds. 
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Temperature control is important - as always in injection moulding. It is to be 
expected thai the primary cavity pail and the petals will be run cold, respectively to 
cause the preform to skin and allow early opening and to cause the blown product to 
5 become rigid for early opening of the petals. However, it is expected that the core 
part will be run warmer, so as to allow the preform to be in a state able to expand 
plastically when the gas is blown into the mould tool. 

Referring now to Figures 6,7 & S, the mould tool diagrammatically shown 

10 there comprises a primary cavity part 101, a core part !02, and secondary cavity 
petals 103, which are essentially similar to the primary cavity part I, the core part 2, 
and the secondary cavity petals 3, The exception is that the core part is sh;ipecl as a 
truncated cone and r^mpri<;ed nf a fixed ponion 1021 and a movable ponion 1022. 
At the proximal end of the core, the fixed portion has a narrow pulished band 1023, 

15 whilst the balance of its Icnjjlh 1024 is matt finished as by bead blasting. The 

movable ponion 1022 is of the same diameter as the distal end of the fixed portion 
and mates with it in the manner of a conical valve, whereby injected plastics material 
cannot enter between the portions, whereas the porrions are readily separable by an 
actuator (not shown) for stretching of the preform 105 and egress of pressurised gas 

20 from within the core. The movable portion 1022 is lelaiively shon in comparison 
with the fixed portion and is in the form of a disc with a matt radiused comer 1025 
and a polished ring 1026 on its end face. Within the ring 1026, the movable disc has 
formations 1027 which together with formations 1017 in the cavity and formations 
1037 in the ends 1013 of the petals form aperture55 1061 and feet 1062 in a base 1063 

25 of the finish formed article, which is a plant pot 106. It has sidewalls 1064. 

On closure of the primary cavity part 101 and the core pan 102 and injection 
of plastics material into the mould cavity, the preform 105 is formed. The core part 
102 is withdrawn from the substitutable, primary cavity part 101 and the petals 1 03 
^0 are clo<ieri around the core part and the preform. The movable disc 1022 is then 
advanced. In so doing, it axially stretches the preform between the polished banded 
1023 and the polished ring 1026. At these polished areas, the plastics material is held 
onto the metal of the core, whereas it lifts from the metal at the intervening matt 
region 1024, In so doing a gap is opened between the plastics material and the core, 
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This is filled with low pressure gas leleased as tht movable disc is advanced, whereby 
the mateiial is stretched without being influenced by unintentional stiction with the 
fixed portion 1021 of the core. 

5 On completion of the forwards movement of the movable disc 1022. the 

plastics material within the polished ring 1026 is carried forwards into contact with 
the petals 103 and the features formed by ihe cavity furtnations 1027 arc mated with 
corresponding petal furmaiiotis 1037, whereby as the material fixlly cools the base 
1063, with its apertures 1061 and feet 1062, sets off. As soon as the ring has reached 

10 this end of its stroke, higher pressure gas is released^from the core, causing the 

stretched side wall 1064 to be expanded out circumferfintiaHy to the sides 1034 of the 
petals. At the radiused comer 1025 of the ring, the material rolls and is stretched into 
the comers 1035 of the petals. 

15 Turning now to Figures 9 to 12, the mould tool comprises a primary cavity 

part 201, a core part 202, a secondary cavity assembly 203 and an actuation ring 204 
The primary cavity part 201 is attached to the fixed platen (not shown) of a moulding 
machine in use and incorporates an injection gate 21 U which preferably is a 
mechanical valve shut off gate, 

20 

The core part 202 is attached to the moving platen (not shown) and has a fixed 
portion 2021 having outside its preform shaping surfaces 2021 1 four pivot points 224 
- of which two are shown - for the secondary cavity petals 2030, of which there are 
four. The four petals meet in a double/stem-io-siem Y formation, that is with two 

23 petals abutting at the stems of the Y*s and two other petals having points filling the 
gaps in the heads of the Y's. Also the core part incorporates a movable ponion 2022, 
comprised of a preform shaping end plate 20221, a carrier 20222 for the end plate, a 
pair of movement rods 20223 to which the carrier is attached and which are housed in 
bores 2U224 in the core 202 via linear bearings 20225. The rods are reciprocatably 

30 movable by the hydraulic ejector actuator of the moulding machine, not shown. The 
end plaic 20221 and ihe fixed poniuri 2021 have bevelled surfaces 2022G which seal 
under injection pressure. Centrally of the bores 2022^1 is a gas introduction passage 
20227. 
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The core part also has an ejector ring 20228 and a plurality of pneumatic 
actuators 20229 therefor. 

The petals 2030 are generally L shaped and pivotally connected via the pivot 
points 224 to the core at the distal ends of the long limb 203 1 of the L. The long limb 
and the short limb 2032 have respective article shape riefmition surfaces 2033. 2034, 
The petals are connected to the actuation ring 204 via connecting rods 2036 pivotally 
connected to the ring and the petals via respeaive irunnniuii^ 2037. In the withdrawn 
position of the ring 2035, the petals are swung away from the core. In the advanced 
position of the ring the petals arc swung over the core, when of course the primary 
cavity part 201 has been withdrawn from the core. In this position the petals assemble 
lo form a secondary cavity. It should be noted that the three dimensional shape of the 
petals and the article is nnt shown in the drawings. However, it can be rectaiigulai', 
circular, oval or other shape. 



Turning now to Figure 1 1, the preform shape 205, as defined by the core 202 - 
including the end plate 20221 - and the primary cavity 201 . is there shown. It should 
be particularly noted that m the normal course of events, the preform will not be made 
as a solidified article. It is formed by initial injection and is finally shaped before it 
20 has solidified to final shape. However, its injected shape is important. It comprises: 

• a rim 205 1, whose shape will be dcsc^ribcd in more detail below, 

• a stacking step 2052, 

• a sidewall 2053, which is thicker than the stacking step, and 

• a base 2054 with a raised central portion 2055, the base having the same thickness 
25 as the Stacking Step. 

The plastics material with which the anicle is to be formed has a blowing 
agent incorporated in it. 

30 Immediately after injection and on solidification of the rim, base and outer 

skin of the preform, the primary cavity is withdrawn - or rather the core anri the 
preform are withdrawn from the primary cavity. Simultaneously three events then 
occur: 
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• The pneumatic actuators - not shown - are actuated, to cause the petals to $wing 
in; 

• The hydraulic ejector actuator of the moulding machine - not shown - is actuated, 
to move the end plate 2022 1 to carry the base 2054 towards the ba<;e surfaces 

5 2034 of the petals; and 

• Pressurised gas is introduced within the preform via the passage 20227, 

The result is that the sidcwalls 2053 are stretdicd to their final height. The 
stacking step 2052 is not stretched, partly because it is moulded on a polished core 
10 surface and partly because it is captivated by the petals. The base is not stretched 
because It is simply carried forwards on the end plate 2022 1 . Both these elements of 
the finish fbrmeri artictle remain as moulded in the preform and are cooled by the 
respective parts of the tool with which ihey are in contact. 

15 The sidewall is unrestrained as it is being stretched, except that there is low 

pressure gas within the preform, which is of such pressure to urge the sidewall into 
contact with the petal side surfaces 2033 once the stretching is complete. However, 
prior to this, the sidewall is relatively unrestrained. Its initial thickness is greater than 
that of the stack step. Immediately before ihc end plate i:» moved foiwards to stretch 

20 the sidewall, there is short delay. Internally the sidewall has mohen plastics material 
with blowing agent, which causes the inner and outer skins of the sidewall to separate, 
creating a foamed structure therebetween. Once this separation has occurred during 
the delay, the two .<;kin.<; are stretched by movement of the end plate. This draws the 
skins straight and reduces their separation due to the action of the blowing agent, 

25 When the outer skin comes into firm contact with the side surfaces 2033, due lo the 
action of the internal pressure, the action of the blowing agent is quenched by 
solidification of the sidewalls, the petals being internally cooled. The final thickness 
of the sidewall is controlled by the gas pressure applied via the passage 20227 acting 
rn counterbalance the internal foaming gas pressure 

30 

The rim 205 1 has a flat top 205 11, formed by a recess in the ejector ring 
20228. The underside of the rim as formed in the preform by the primary cavity has a 
narrow channel 20512 adjacent to the stacking step and broader channel 20513 with a 
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thicker wall The edge of the rim 205 14 lapers down from ihc lop 205 1 1 as a dc- 
nesting feature. When the rim is cnt;losed by the petals, it is restrained to have a flat 
underside 205 1 5. The thick wall of the broader channel 205 13 expands by foaming 
with its skin length remaining substantially constant. The result is that the narrow 
5 channel closes and the resultant rim has a uniform depth, giving it considerable 
stiffness. This effect is in accordance with our International application No. 
PCT/GB%/0]706 

Once the article has been cooled in its finished shape, the petals are opened, 
10 and the ejector ring 20228 advanced to eject the produa from the tooling. The tool 
can now be cycled again. 

Figure 13 shows an alternative to the pivotal arrangemenl uf the petals in 
Figures 9 & 10. Those 3030 ofFigure 13 are slidingly mounted via bearings 3031 on 
15 I ddiaiing rods 3032. There are two rods for each petal, whereby the latter are 
restrained to move translationally only, Actuators 3033 control their movement 
between a withdrawn position, shown in broken lines and an advanced position shown 
in full iine.s. 1 he operation of this tool is analogous to that of Figures 9 & 10. 

20 Referring now to Figures 14 & 15, the mould tool there shown again has a 

core part 402 similar to that of Figures 9 & 10. It is not described again. Mounted on 
the core part at widely spaced trunnions 4021, with a pair of shafts 4022 extending 
between them, one above the core as such and one below it sn z% to allow clearance 
for the first cavity mould part 40 1 and the second cavity mould part 404 to mate with 

25 the core. The first cavity mould pari 401 is again similar to iliat of Figures 9 & 10 and 
will not be described again. 

Mounted on the shafts 4022 via bearings 4023 is a second mould part, carrier 
4041. Its position along the shaft.'; is controllftd by an actuator 4042. The carrier itself 
10 supports four shafts 4043 via bearings 4044 fitted in the carrier, the shafts being 

parallel to the centreline of the tool. The shafts arc fitted io a bct;ond cavity member 
4045, which is thus carried by the carrier. The position of the second cavity member 
4045 relative to its carrier 4041 axially of the tool is controlled by a pair of actuators 
4046; whilst its position radially of the tool is controlled by the actuator 4042. The 
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cavity mcuiber 4045 has temperature control ducts 4047 and a vacuum passage 4048. 
Flexible temperature control fluid and vacuum lines are provided, although not 
shown. 



5 The sequence of operation is as follows: 

• with the radial actuator 4042 and the axiai actuators 4046 in withdrawn position, 
the first cavity mould pan 401 pan is advanced and the preform is injected; 

• the first cavity mould part and core pail are separated and the radial actuator 4042 
is actuated to drive the second cavity member 4045 into alignment with the core 

10 part 402; ^ 

• the second cavity member 4045 Is driven by the axial actuators 4046 mto 
abutment with the core pan 402 and the preform is stretched into the second 
cavity; 

• gas pressure is applied within the preform and vacuum is applied without it, the 
15 latter via the passage 4048, 

• the second cavity member 4045 is withdrawn as soon as the moulding has chilled 
in the second cavity enough to hold its shape; 

• the final cooling or higher temperature crystallisation in the case of CPET 
material - is carried out by passage of suitable fluid through the ducts 4U47 as the 

20 shaped amcie is carried from the core part hy the carrier on return stroking of the 
actuators: and 

• the finish formed anicle is ejected from the second caviiy by changing of the 
vacuum in the passage 4048 for pressure gas. 



2S The invention is not restricted to the details of the above described 

embodiment. For instance the finished product as described with referftnre tn Figures 
I to 5 is a circular cup. However, a wide variety of products are expected to be able 
to be made by the method of the invention. The side wall(s) need not be pkin and cm 
be contoured, with relief designs being provided, and the sidcwalls of the product 

30 being urged into the relief by the gas pressure within the preform. More or less than 
four petals may be provided. Further for products having particulariy vulnerable 
areas, such a*; comers, the wall rhiclcness of the preform may be varied in areas 
stretching into the vulnerable areas, to reinforce them. This may involve thickening 
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uf adjacent areas to encourage strciching there, leaving the areas to be reinforced less 
stretched. 

Air or a purified gas can be used for blowing. It may be cooled to assist in 
5 rnniing of the blown anicle. 

In the embodiment of Figures 14 & 15, the second cavity member can be 
provided with two secondary cavities. This has particular advantage in the forming of 
CPET articles, in that their preforms can be moulded at twice the frequency of their 
10 ejection from the secondary cavities. One secondary cavity is arranged to pick up and 
shape a preform and whilst the other has carried its product throughout the advance of 
the one. This allows time for elevated icmpcraiuic crysiallisation. 
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aAIMS: 

1 . A method of forming a plastics material anicle, consisting in the steps of; 

• forming an injection moulded preform between a pair of complemcnidiy 
mould parts, whidi define au initial mould cavity for injection of the preform, 

3 • separating the one of the complementary mould pans (hereinafter "the 
Substitutable Mould Part") from the preform, 

• replacing the Substitutable Mould Part with one or more replacement mould 
parts (hereinafter "the Replacement Mould Part(s)") to enlarge the mould 
cavity so as to allow stretching of the preform, 

10 • stretching at least part, of the preform away fi'om the other of the 

complementary mould pans (hereinafter "the Base Mould Pan") for the 
forming of ii to a finished article shape against the Rcpiacemeni Mould Part 
and 

• removing the Replacement Mould Part(s) for release of the finish formed 
15 article. 

2. A forming method as claimed in claim 1, wherein the Substitutable Mould 
Part is separated from the preform after the latter has skinned against it. but before the 
preform has solidified throughout its thickness, at least in the portion of it to be 
suetched. 

20 3. A forming method as claimed in claim 1 or claim 2, including injection of gas 
between it and the Base Mould Part to separate at least part of the preform from the 
Base Mould Part 

4. A forming method as claimed in any preceding claim, wherein the stretching 
of the preform is effected by injection of gas between it and the Base Mould Pail. 

25 5. A forming method as claimed in any preceding claim, wherein the stretching 
of the preform is effected by lifting a portion of the preform from at least part of a 
main piece of the Base Mould Part by a movable piece of the Base Mould Part. 
6 A forming mefhnd as claimed in claim 5, wherein the lilted portion nf the 
preform is moved by the movable piece of the Base Mould Pan as far as a 

30 corresponding piece of the Replacement Mould Pan(s), 

7, A forming method as claimed in claim 6, wherein ihe lifted portion of the 
preform is captivated between the movable piece of the Base Mould Part and the 
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conespoading piece of the Replacement Mould Part(3) at the end of the stroke of the 
movable piece. 

8. A forming method as claimed in claim 7, wherein the captivation of the lifted 
portion of the preform temporarily seals apertures in the lifted porfion 
5 9 A forming method as claimed in any one of claims 5 to 8 as appendant to 
cl^m 4. wherein the injection of gas is started before the movable piece of ihe Base 
Mould Part is moved. 

10, A forming method as claimed in any one of claims 5 to 8 as appendant to 
claim 4 or in claim 9, wherein the injection of gas is started before the replacement 
10 with the Replacement Mould Part(s) is complete ^ 

1 1 A forming method as claimed in any preceding claim, wherein the preform is 
anached to a main piece of the Base Mould Pan by vinue of this piece being polished, 
at least locally. 

12. A forming method as claimed in any preceding claim, wherein the preform is 
15 stretched from a portion of it temporarily captivated by the Replacement Mould 

Part(s). 

13. A forming method as claimed in any preceding claim, wherein the preform is 
su eiched to substantially the final shape of the finish formed article. 

14. A forming method as claimed in any preceding claim, wherein a stretched 
20 portion of the preform is urged into contact with the Replacement Mould Parc(s) for 

its final temperature control by application of increased gas pressure on the Base 
Mould Part side of the preform (which may be from gas applied for lifting and/or 
stretching of the preform) and/or by application of reduced gas pressure on the 
Replacement Mould Part(s) side of the preform, 
25 15. A forming method as claimed in any preceding claim, wherein the enlarged 
mould cavity is defined by a plurality of Replacement Mould Parts- 
1 6. A forming method as claimed in claim 1 5, wherein the enlarged mould cavity 
is assembled by radial movement of the Replacement Mould Parts into iheir 
replacement position. 

30 17. A forming method as claimed in claim 1 5, wherein the enlarged mould cavity 
is assembled by pivotal movement of the Replacement Mould Parts into their 
replacement position. 

!8. A forming method as claimed in claim 1 5, claim 16 or claim 1 7, wherein the 
plurality of Replacement Mould Pans are provided with ducts for temperature control 
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fluid and the article is brought to the tcmpciature required for it to be suiEcicntly rigid 
for its removal by passage of temperature control fluid through the ducts after 
stretching and prior to opcmng of the Replacement Mould Parts. 

19. A forming method as claimed in anyone of claims 1 to 14, wherein the 

5 enlarged mould cavity is defined by a single, or one per impression where the tool has 
multiple impressions. Replacement Mould Part moved bodily into its replacement 
position. 

20. A furinijig method as claimed in claim 19, wherein the or each single 
Replacement Mould Part is provided with ducts for temperature control fluid and the 

10 article is brought to the temperature required for it to be sufficiently rigid for its 

removal by passage of temperature control fluid through the ducts after stretching and 
prior to opening of the Repiacement Mould Part(s). 

21 . A forming method as claimed in claim 1 9. wherein the single Replacement 
Mould Fait is provided with ducts for temperature control fluid and the article is 

15 brought to the temperature required for it to be sufficiently rigid for its removal by 
passage of temperature control fluid through the ducts after stretching and both prior 
to and after rftmoval of the Replacement Mould Parts. 

22. A forming method as claimed in any one of the preceding claims, wherein the 
strelclicd portion of the preform is stretched by between a factoi of 2,1 and 4:1. 

20 23. A tool for forming a plasties material article in accordance with claim 1, the 
tool comprising: 

• a Base Mould Part, preferably a core part, 

• a Substitutable Mould Part, preferably a first cavity part, 

• the Base and Substitutable Mould Parts defining an initial mould cavity 
25 between them for injection moulding of the preform and being axially 

movable for separation of the Substitutable Mould Part from the 
preform, 

• one or more Replacement Mould Pans movably carried by the Case Mould 
Part or the Substitutable Mould Part, for movement from a withdrawn position 

30 to an advanced position in which it or they provide an enlarged mould cavity 

defining the outside shape of the finish formed article. 

24. A mould tool as claimed in claim 23. including a movable rim forming 
member, which is ^ilidable mounted on the Baiie Mould Pari for movement, from a 
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rest position in which the Substitmahle Mould Parr abuts it for moulding of a rim of 
the article and in which the Replacement Mould Pan(s) abut it fur captivation of the 
rim OP stretching of the prefbrm. to an advanced position for ejecting the finish 
formed anicle. 

5 25. A mould tool as claimed in claim 23 or claim 24, wherein the or each 
Replacement Mould Part has temperature control fluid ducts. 

26. A mould tool as claimed in claim 2^, claim 24 or claim 25, wherein The Base 
Mould Part has a mnvabie piece, for lifting a portion of the preform from the Base 
Mould Part, the movable piece being adapted tu seal wiili a main piece of the Base 

10 Mould Pan on injeulioa of plastics material. 

27. A mould tool as claimed in claim 26, wherein th« movable piece has a face 
shaped complementarily with both the opposite face of the SubstTtiitable Mould Part 
and the Replacement Mould Parr(s). whereby the liftable portion of the preform is 
moulded to final Shape in the initial mould cavity. 

15 28. A mould tool as claimed in claim 27, wherein the mould parts are shaped to 
foi m one or more apertures in the liftable portion. 

29. A mould tool as claimed in claim 26, claim 27 or claim 28, including a 
pressure gas connection internally of the said main piece and the liftable piece of the 
Base Mould Pan. whereby pressure gas can be introduced on the Base Mould Part 

20 side of the preform on lifting of the liftable pi&jc via an apeiiurc in the said main 
piece noinially closed by the liftable piece. 

30. A mould tool as claimed in any one of claims 23 to 29, wherein a plurality of 
Replacement Mould Parts are translationaliy mounted on the Base MnuJd Part for 
movement to tbrm the enlarge.i cavity and means is provided for moving the 

2S Replacement Mould Pans between their withdrawn position and thcii advanced 
position. 

31. A mould tool as claimed in claim 23 to 29, wherein a plurality of Replacement 
Mould Parts are pivotally mounted on the Base Mould Part for movement to form the 
enlarged cavity and means is provided for moving the Replacement Mould Parts 

30 between their withdrawn position and their advanced position. 

J2, A mould tool as claimed in claim 3 1. wherein the means for moving the 
Replacement Mould Parts includes a siidablc member mounted on the Base Mould 
Pan and respective connecting rods conneoxing the slidable member and the 
Replacement Mould Parts, the slidable member and the rods being arranged for 
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advance and withdrawal of the Replarement Mould Han.*; between a withdrawn 
position in which the Substiiutable Mould Pan can close on ihe Base Mould Pan and 
an advanced position in which the Replacement Mould Parts can duse on the Base 
Mould Pan. 

5 33. A mould tool as clainied in any one of claims 23 to claim 29, wherein a single, 
or one per impression where the tool has multiple impressions, Replacement Mould 
Part is translationaily mounted on the Substitutable Mould Pan or on the Base Mould 
Part for bodily movement To provide the enlarged cavity. 

34. A mould tool as claimed in claim 33. including a vacuum duct in the 

10 Replacement Mould Part extending from an external vacuum connection point to at 
least one internal vacuum point opening into the enlarged cavity, whereby the finish 
formed article can be held in the enlarged cavity on withdrawal of the Replacement 
Mould Pan from the Base Mould Part. 

35. A mould tool as claimed in claim 33 or claim 34. including; 

15 •a first slide and actuator carried on the Substiiutable Mould Pan or on the Base 
Mould Part, the slide extending a: least substantially radially of a centreline of 
the mould tool, 

• a Replacement Mould Part carrier slidably mounted on the slide under control 
of the actuator and 

20 -a second slide and actuator carried on the carrier and extending at least 

<iuhsfanrially parallel to the r.entreline of the mould tool, the Repiflcemenr 
Mould Pan being mounted on the second slide under control of The second 
actuatoi". 

36. A mould tool as claimed in claim 35, in combmation with a control system 
25 adapted and arranged for: 

• actuation of the first actuator for inwards radial movement of the carrier and 
Replacement Mould Part after opening of the Substitutable Mould Part to 
align the Replacement Mould Part with the Base Mould Part and outwards 
after stretching of the prefonn 

30 • icciprocating aauation of the second actuator for axia! movement of the 
Replacement Mould Pan into abutment witii the Base Mould Part for 
Stretching of the preform and out of abutment after stretching of the preform. 
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23 

17 A finish formed anicle made in accordance with the merhnd of anyone of 
claims 1 to 22. 
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